Introduction
This Supporting Information provides additional information on the pollen health effect literature review, pollen concentrations and season lengths, climate modeling, and other key elements of the analysis.
Text S1. Selection of pollen type associated with asthma emergency department visits
After we identified the health endpoint of concern, we conducted a systematic literature search to identify studies examining the relationship between pollen and asthma ED visits and to inform our selection of a single pollen type to include in this analysis (Table  S1 ). Our literature search consisted of two steps. First, we identified relevant papers from the National Climate Assessment reference list as well as from PubMed and Google Scholar searches. Second, we examined the reference lists of these papers to identify additional studies of pollen and asthma ED visits. Throughout both steps, we limited the scope of this search to studies conducted in either the US or Canada. We further limited the scope to studies reporting an effect size (i.e., excluding studies that only undertook descriptive analysis).
Text S2. Conceptual diagrams
Conceptual diagrams are provided in Figures S1 through S3 for analysis of asthma emergency department visits associated with 1994-2010 average oak pollen concentrations and season lengths, simulation of future oak pollen season length, and analysis of asthma emergency department visits associated with future oak pollen under baseline (1994-2010 average) conditions and two climate scenarios.
Text S3. Baseline and future projected oak pollen season length and seasonal total concentration
Baseline (1994-2010 average) oak pollen season length and season total concentrations for 58 National Allergy Bureau (NAB) stations (56 in the U.S. and 2 in Canada) were taken from the compilation by Zhang et al. (2015, see their Supplemental Material) and are reproduced here in Table S2 . We added data obtained directly from the NAB station in Dayton, OH, to derive oak pollen exposure estimates for Cincinnati, as it is closer than any of the 58 NAB stations included in the compilation by Zhang et al. (2015) . Though this analysis focused on the continental U.S., we included the two NAB stations in Canada to more accurately interpolate season length and pollen concentrations for nearby gridcells.
To project from these baseline season length values to future years under the two representative concentration pathway (RCP) scenarios, we used future temperature and precipitation simulated by five general circulation models (GCMs) from the Fifth Phase of the Coupled Model Intercomparison Project (CMIP5; Taylor et al. 2012) listed in Table S3 . Downscaled temperature and precipitation outputs from each of these models were obtained from the Localized Constructed Analogs dataset (LOCA; BuRec 2016), and regridded to 0.5°x0.5° resolution over the CONUS domain. 1 These five GCMs were chosen to capture a large range of the variability in climate outcomes observed across the entire CMIP5 ensemble, as shown in Figure S4 through Figure S13 . These projections are used to estimate oak pollen season length for each RCP scenario in each of the future analytical years.
To generate average daily temperature, the widely-used and straightforward practice of taking an average of the daily tmax and tmin was used. This approach is commonly used for observational data, and therefore models which are calibrated against observed temperatures will often be based on the tmax/tmin average. However, the Zhang et al. (2015) pollen forecast model appears to be based on the average temperature weighted by time over the course of the day. The precise relationship between this weighted average over time, tmax, and tmin is a function of latitude, range of daily temperature, and other factors. The benefits of methodological simplicity from using the average of tmax and tmin, particularly for the climate forecasts outweigh the slight loss in accuracy for a model that depends on a weighted average over time, in particular because our application of pollen season estimation uses the average of tmax and tmin for both the baseline period and forecast period (to bias correct the results).
Though substantial variation can be seen across the model outputs, several consistent patterns emerge. The models consistently show temperature (January through March average) increases from 2030 to 2090, with greater warming simulated under RCP8.5 compared with RCP4.5. Temperature increases are more pronounced using output from the CanESM2, HadGEM2-ES, and MIROC5 models compared with the CCSM4 and GISS-E2-R models. The GISS-E2-R model shows the least warming for all scenarios and years, with some cooling projected in some areas even through 2090 for RCP4.5. The models also consistently show precipitation (September of the year before the forecast year through August of the forecast year) increasing in the Northeastern U.S. and decreasing in the Southwest U.S. from 2030 to 2090, though the CanESM2 model shows increasing precipitation in some parts of the West where other models show a decrease.
Since each GCM's output represents an equally plausible forecast based on current understanding, though not necessarily equal in likelihood, we projected oak pollen season length separately for each combination of GCM and RCP scenario to indicate a range of potential values. Figure S14 through Figure S18 show the ratios of future projected to baseline oak pollen season length (days) for each GCM, RCP, and forecast year.
As described in the Methods, simulated temperature and precipitation were used to project oak pollen season length for each monitor location to the future. Figure S19 and Figure S20 show the oak pollen season length scalars used to project season length for each GCM, RCP scenario, and year separately. We observe wide variation in the scalars produced by the outputs from the five GCMs, driven by differences in simulated temperature and precipitation in the gridcells containing the monitor locations. There are no clear patterns among these results, indicating that there are no obvious outliers or biases among the GCMs. Despite the inter-model variation, the scalars are generally greater than 1, indicating that the oak pollen season lengthens in the future relative to the 1994-2010 average.
Text S4. City definitions
Geographic definitions for each of the cities included in the analysis are provided in Figures S21 through S23 .
Text S5. City-specific health impact results
City-specific health impact results are given in Tables S4 and S5. Figure S3 , but using output from the CCSM4 model. Figure S5 . As for Figure S3 , but using output from the GISS-E2-R model. Figure S6 . As for Figure S3 , but using output from the HadGEM2-ES model. Figure S7 . As for Figure S3 , but using output from the MIROC5 model. Figure S8 . Ratio of future projected to baseline (mean 1994-2010) oak pollen season length (days), using temperature and precipitation output from the CanESM2 model. Figure S9 . As for Figure S8 , but using temperature and precipitation output from the CCSM4 model. Figure S10 . As for Figure S8 , but using temperature and precipitation output from the GISS-E2-R model. Figure S11 . As for Figure S8 , but using temperature and precipitation output from the HadGEM2-ES model. Table S2 . National Allergy Bureau station ID, name, latitude, longitude, observed mean (1994-2010) oak pollen season length, modeled baseline (2015) oak pollen season length, and observed mean (1994-2010) season total oak pollen concentration, for the 59 stations used in this study. Station ID, name, latitude, longitude, observed baseline season length, and observed season total count are reproduced from Zhang et al. (2015) for 58 stations, and obtained directly from the NAB station for Dayton, OH. Stations are numbered by latitude North to South. Modelled baseline season length is calculated as described in the Methods. Table S4 . City-specific oak pollen-related asthma emergency department (ED) visits in 2010, using average 1994-2010 oak pollen concentrations and season length with cityspecific concentration-response functions. Confidence intervals (95%, in parentheses) represent uncertainty in concentration-response function only.
